The title compound was obtained from the reaction of N, N-dimethylbenzylamine with n-butyl lithium and sulfur in tetrahydrofuran at room temperature. Its molecular structure was investigated by means of single crystal X-ray diffraction and quantum chemical DFT methods. The formation of meso-1,2-bis(dimethylamino)-1,2-diphenylethane is likely to be due to an unusual α-deprotonation of N, N-dimethylbenzylamine, instead of the well known ortho-lithiation, with a subsequent oxidative C-C coupling of the anions. Ab initio calculations of the corresponding α-and o-deprotonated anions of N, N-dimethylbenzylamine showed the former to be more stable than the latter, due to delocalisation of the negative charge over the π-system of the phenyl ring. The choice of solvent and temperature is seen as the main reason for the unusual course of the reaction.
Introduction
C-C coupling reactions of benzaldehyde or benzamide derivatives are useful synthetic tools in order to get 1,2-diamino-1,2-diphenylethane derivatives. Seebach and co-workers reported on reductive C-C coupling reactions of benzaldehyde and its derivatives by low-valent Ti and V IV reagents to give N, N, N , Ntetraalkyl-1,2-diarylethylenediamines [1] . Selvakumar and Harrod developed a titanocene-catalyzed reductive amide coupling using organosilanes as reducing agents [2] .
More than 40 years ago, Hauser and co-workers investigated the reaction of N, N-dimethylbenzylamine with organometallic compounds. They reported that n-BuLi exclusively deprotonates an o-position, while sodium alkyls deprotonate the CH 2 -group, to give the α-metallated product [3, 4] . On exchange of Na + for Li + a rearrangement with metallation of the oposition takes place at slightly elevated temperatures. Reich and co-workers investigated the solution structure of the o-lithiated N, N-dimethylbenzylamine and found several dimers to coexist at temperatures below −55 • C [5] . Boche et al. succeeded in isolating the diethylether adduct of α-lithiated 0932-0776 / 05 / 1000-1083 $ 06.00 c 2005 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com N, N-dimethylbenzylamine from the reaction of tri-nbutyl[α-(dimethylamino)benzyl]stannane with n-BuLi in hexane at 0 • C, and to investigate its molecular structure in the solid state [6] .
Reaction of sulfur, selenium or tellurium with aryl lithium or Grignard reagents is a suitable method for the formation of C-E bonds (E = S, Se, Te) [7] . Several o-lithiated benzyl derivatives were successfully converted to the respective thiols [8] , (di)selenides or (di)tellurides [9] . We report a hitherto unknown α-deprotonation of N,N-dimethylbenzylamine by nBuLi and the oxidative dimerization of the resulting anion to give meso-1,2-bis(dimethylamino)-1,2-diphenylethane.
Results and Discussion
Formation of meso-1,2-bis(dimethylamino)-
1,2-diphenylethane
Addition of lithiated N, N-dimethylbenzylamine to a suspension of sulfur in THF at −78 • C and acid workup gives 2-((N, N-dimethylamino)methyl)thiophenol in moderate to good yields, as was reported in the literature [8, 10] and confirmed in our own syntheses (see Scheme 1) . When the reaction was carried out in such (7) 116.1(3) 116.7
68.0(4) 69.7 a C-H bond lengths were fixed in the refinement of the XRD data: obtained by sublimation (10 −3 mbar, 150 • C). Hence, product selectivity depends on the reaction temperature. It must depend further on the solvent, since reaction of n-BuLi with N, N-dimethylbenzylamine at room temperature, either in pure diethylether or in a mixture of diethylether with hexane and benzene, led to the o-lithiated product, as was established by analyses of subsequent reaction products [3, 4] .
An ab initio investigation of the isolated anions (see Fig. 1 ) at the MP2/6-31G(d) level revealed 2 (negative charge at C7) to be more stable than 1 (negative charge at C6) by 72 kJ mol −1 . The main reason for the stabilization of 2 is the resonance of the p-type lone pair at C7 (α-C) with the aromatic system of the phenyl ring, as was established by a second order perturbation theory analysis of the Fock matrix in a natural bond orbital (NBO) basis [11] . Without being restricted to it, 2 adopted C s symmetry, under which the respective orbital interaction is at its maximum.
Thus, the tautomer anion 2 appears to be favored if the deprotonated N, N-dimethylbenzylamine is separated from the Li + ion, such that no stabilization of the o-lithiated form by means of intramolecular N··· Li interaction can occur. THF is known to strongly coordinate to Li + and is thus feasible to produce a separation of that cation from the deprotonated N, Ndimethylbenzylamine. This suggestion is supported Table 2 . Selected bond distances (inÅ) at the α-C atom of some 1,2-diamino-1,2-diphenylethane derivatives from single crystal XRD experiments a . by results of Reich et al., who reported that spinspin coupling of 6 Li to 13 C and 15 N in a solution of 2-[(dimethylamino)methyl]phenyllithium in THF disappears at temperatures above −55 • C [5] . Since dissociation and charge separation are likely to increase the entropy of the system, it can be rationalized why formation of 2 is favored at higher temperatures in this solvent. The oxidative C-C coupling, leading to the formation of 1,2-bis(dimethylamino)-1,2-diphenylethane, is due to the action of sulfur on the anions. Preference for any mechanism of the coupling reaction would be too speculative at the present stage.
Structural investigations
The single crystal X-ray structure shows meso-1,2-bis(dimethylamino)-1,2-diphenylethane to exhibit inversion symmetry in the solid state. The six C atoms of the phenyl ring are coplanar, intra-ring-C-C-C angles summing to 720 • . The heavy atom torsion angles of the C 6 H 5 CH unit are within 1.0 • from to 0 or 180 • . The C(1)-C(7)-N(8) plane is nearly orthogonal to the plane of the phenyl ring. On the basis of a second order perturbation calculation in an NBO ba- Fig. 2. ORTEP diagram of meso-1,2-bis(dimethylamino)-1,2 -diphenylethane. Displacement ellipsoids are at the 50% probability level.
sis [11] , the preference for that conformation can be attributed to a π − σ * interaction between the aromatic system and the C-N bond. The sum of the bond angles at N(8) is 338.7 • . Table 2 compares bond distances at the α-C atom to those of some other 1,2-diamino-1,2-diphenylethane derivatives. For r(C α -C i ) no significant differences occur between reference A and the other compounds. r(C α -C α ) is shorter in A than in the other compounds, which is likely to be a consequence of reduced repulsion of the substituents at the two C α atoms (cf. the very long C α -C α bond in H).
The agreement between the XRD and the B3LYP/6-31G(d) structure is good for bond distances and even very good for bond angles. This is rather surprising, since the XRD experiment gives an r α structure at 298 K in the solid state, while the DFT geometry optimization leads to an r e structure of an isolated molecule. These results suggest that intermolecular forces in the solid state do not have a significant impact on the molecular structure. This conclusion is supported by the torsion angles given in Table 1 . Torsion angles are "soft" structural parameters, i. e. their magnitude can be substantially changed with small energy efforts. The four torsion angles in Table 1 give the relative orientations of the dimethylamino group and the phenyl ring, i. e. they define the shape of the molecule. Hence, since the agreement between XRD and DFT torsions is quite high, meso-1,2-bis(dimethylamino)-1,2-diphenylethane is not distorted to a significant degree by packing forces in the solid state.
Experimental Section
General procedures N, N-dimethylbenzylamine, diethylether, THF and chloroform were purified by distillation according to standard procedures. 
Synthesis of meso-1,2-bis(dimethylamino)-1,2-diphenylethane
Under an Ar atmosphere, 100 ml of a 2.5 M solution of n-BuLi in hexane was slowly added to a stirred solution of N, N-dimethylbenzylamine (33.8 g, 0.25 mol) in 250 ml of THF. When no more gas was evolved, sulfur (8.02 g, 0.25 mol) was added in small portions. The reaction mixture was stirred for another 4 h, before 100 ml of H 2 O, 25 ml of 10 M HCl and 100 ml of diethylether were added. Organic and aqueous phase were separated, and the latter extracted five times with a total of 500 ml of chloroform.
The combined organic phases were dried over Na 2 SO 4 , the solvents were distilled off under normal pressure to leave 36.2 g of a red-brown, highly viscous crude product. Heating this product to 150 • C under high-vacuum conditions (p = 10 −3 mbar) led to the sublimation of pale yellow crystals (less than 500 mg). The product could be identified by 1 H NMR spectroscopy as meso-1,2-bis(dimethylamino)-1,2-diphenylethane. Crystals suitable for single crystal X-ray diffraction were taken from the sublimate. No other reaction products could by isolated or identified in the mixture.
Crystal structure determination
The diffraction experiment was performed on a TurboCAD 4 (Nonius) diffractometer. The crystal structure was solved by direct methods and difference Fourier techniques (SIR-92) [18] . Structural refinement was against F 2 (SHELXL-97) [19] . Details of the crystal structure determination and the crystal data are given in Table 3 [20] .
Theoretical methods
Ab initio and density functional theory (DFT) calculations were performed with the GAUSSIAN98 software package [21] . The molecular structure of meso-1,2-bis(dimethylamino)-1,2-diphenylethane was fully optimized using a 6-31G(d) basis set and DFT employing a combination of local, gradient-corrected, and exact exchange functionals according to the prescription of Becke [22] . With the respective model chemistry, analysis of the bonding situation in an NBO basis was performed [11] . All stationary points were characterized by calculation of analytical force constants.
